Abstract: Apolipoprotein E (APOE) and oxidative damage were correlated with the risk of Alzheimer's disease (AD). Glutathione S-transferase (GST) polymorphism was proved to be associated with body antioxidant capacity and involved in the oxidative damage related chronic diseases. To explore the combined effects of APOE rs429358, rs7412 and GSTM1/T1 polymorphism on antioxidant parameters and cognition in old Chinese adults, a community-based cross-sectional study was carried out in 477 Chinese adults aged from 55 to 75. Information on demography and lifestyle of the participants was collected with a questionnaire. Cognitive function was measured by using a Montreal Cognitive Assessment (MoCA) test. Fasting venous blood samples were collected for APOE rs429358, rs7412 and GSTM1/T1 genotyping, and parameter measurement. No association of APOE rs7412, rs429358 and GSTM1/T1 polymorphisms with cognition was detected in the old Chinese adults. APOE rs429358, rs7412 polymorphism was mainly associated with plasma α-tocopherol, low density lipoprotein cholesterol (LDL-C) and plasma total antioxidant capacity (T-AOC) levels (p < 0.05). Interaction of APOE rs429358 and GSTT1 genotype on the plasma triglyceride (TG) level and erythrocyte catalase (CAT) and GST enzyme activities were detected (p < 0.05). The subjects with APOE rs429358 T/C + C/C and GSTT1´genotype were found to have the highest plasma TG level, erythrocyte CAT enzyme activity, and the lowest GST enzyme activity compared to subjects with other genotypes (p < 0.05). Lowest erythrocyte CAT enzyme activity and highest glutathione peroxidase (GSH-Px) enzyme activity were detected in the subjects with APOE rs7412 T/C + T/T and GSTM1+ genotype as compared with subjects with other genotypes. The levels of plasma and erythrocyte antioxidant parameters were APOE genotype associated. GSTM1 or GSTT1 genotype modified the influence of APOE rs7412, rs429358 polymorphism on antioxidant parameters.
Introduction
Alzheimer's disease (AD) is the most common progressive neurodegenerative disorder leading to dementia. It has been estimated that at least 10% of people who are 65 years or older have some forms of cognitive impairment [1] . However, up to date, the pathogenesis of AD is still unclear; and there is still no efficiency method available for the prevention and treatment of AD. Therefore, biomarkers that predict future risks are of critical importance to design targeted prevention of cognitive decline and AD.
in the service center from Nanyuan Community, Beijing, China. Medical doctors interviewed the participants face-to-face in Nanyuan Community Health Service Center. Criteria for exclusion of the subjects were conditions known to affect biological variables of oxidative stress or cognitive function (e.g., inflammatory diseases, recent history of heart or respiratory failure, chronic liver or renal failure, malignant tumors, a recent history of alcohol abuse, history of cerebral apoplexy, history of cerebral infarction, antioxidant supplementary). The subjects with AD or Parkinson's disease (PD), or those not being able to complete the cognition test or taking long-term, frequent anti-depressants and central nervous system acting medications were also excluded from the study. Written informed consent was obtained from all participants.
Cognitive Tests
Cognitive function was measured by using Montreal Cognitive Assessment (MoCA), which assessed several cognitive domains including the short-term memory recall ability, visuospatial abilities, executive functions, phonemic fluency ability, verbal abstraction ability, attention, concentration and working memory, language and orientation. This assessment was validated in the detection of mild cognitive impairment and early Alzheimer's disease [22] , and has been widely used in other large-scale studies on cognitive function in the elderly previously [23] . The test was carried out by trained investigators in the community health service center.
Sociodemographic Variables and Anthropometric Measurements
Anthropometric measures (height and weight) were made by the nurse in the community medical service center. BMI was calculated as weight (kg)/height (m 2 ). Information on demographic characteristics (for example, gender, age, education and marital status), lifestyle factors (for example, smoking and physical activity), medical history of chronic diseases and dietary supplements was collected by using a self-administered questionnaire. Educational level was assessed as the highest level reached and classified into four categories (illiterate, primary school, junior high school, and > high school). Smoking status was defined as being a non-smoker or current smoker. Physical activity level was classified into three categories: inactive (no physical activity), moderately active (1-3 times per week), and active (everyday).
Participation in cognitive activity refers to time expended on reading books and computer use, which was classified into three categories: <30 min per day, 30-60 min per day, and >60 min per day.
DNA Isolation and Genotyping
Peripheral blood samples (6 mL venipuncture) were collected in EDTA tube and stored at´80˝C. DNA was extracted from frozen peripheral blood using the Wizare genomic DNA purification kit (Promega, Madison, WI, USA). GSTT1 and GSTM1 genotypes were determined by multiple polymerase chain reaction (PCR) method using primers and reaction profiles as described by Zhong [24, 25] respectively. The APOE genotypes were determined by PCR amplification and Restricted Fragment Length Polymorphism (RFLP) analysis according to the method described by Hixson [26] . The specific primers used for GSTM1/GSTT1 and APOE genotyping are: GSTM1 primers: forward, 5'-GAA CTC CCT GAA AAG CTA AAG C-3'; reverse, 5'-GTT GGG CTC AAA TAT ACG GTG G-3'; GSTT1: forward, 5'-TTC CTT ACT GGT CCT CAC ATC TC-3'; reverse, 5'-TCA CCG GAT CAT GGC CAG CA-3'; β-globin: forward, 5'-GAA GAG CCA AGG ACA GGT AC-3'; reverse, 5'-CAA CTT CAT CCA CGT TCA CC-3'; APOE primers: forward, 5'-GGC ACG GCT GTC CAA GGA-3'; reverse, 5'-GCC CCG GCC TGG TAC ACT GCC-3'. For the purpose of quality control of the genotyping, 20% of DNA samples were genotyped again by different operators.
Plasma and Erythrocyte Parameter Measurement
For biochemical analysis, blood samples were collected into lithium heparin tubes and centrifuged at 480 g for 10 min at 4˝C, and then the plasma was stored at´20˝C until further analysis.
An ILAB600 clinical chemistry analyzer (Instrumentation Laboratory, Lexington, WI, USA) was used to determine plasma glucose (Glu), triglyceride (TG), total cholesterol (TC). High density lipoprotein cholesterol (HDL-C) was measured by using a commercially available assay from Instrumentation Laboratory (Lexington, WI, USA). Low density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula [27] . All samples for each participant were analyzed within a single batch, and the inter-assay coefficients of variation (CV) were less than 5%.
For the antioxidant parameter analysis, blood samples were centrifuged at 480 g for 20 min. The plasma and erythrocyte were separated, and transferred to storage tubes and frozen at 80˝C for further analysis. Plasma total antioxidant capacity (T-AOC), MDA level, erythrocyte catalase (CAT) activity, SOD activity, total GST enzyme activity, glutathione peroxidase (GSH-Px) activity, glutathione reductase (GR) activity were measured by using commercial assay kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to the manufacturer's instruction. Two independent measurements were performed for each sample. T-AOC was expressed as U/mL; MDA was expressed as nmol/L. Erythrocyte enzyme activity was normalized per microgram of hemoglobin. The intra-and inter-assay CVs for all measurements were 5%.
Measurement of Plasma Vitamin Level
After extraction with ethanol and hexane, plasma retinol and α-tocopherol were determined by using high-performance liquid chromatography (HPLC) (Gilson, Middleton, WI, USA) with UV detection at 280 nm with a Waters Symmetry C8 column (150 mmˆ4.6 µm) according to the method described by Nierenberg [28] . All the extraction and solvents were purchased from Sigma-Aldrich (St. Louis, MO, USA). Plasma folate concentration was measured by using the assay kit purchased from Bayer AG (Leverkusen, Germany) according to the manufacturer's instruction. Two independent measurements were performed for each sample.
Statistical Analyses
Data was analyzed with the software SPSS 19.0 (Chicago, IL, USA). All continuous variables are presented as means˘standard deviation (SD), or means (95% confidence intervals). Age, gender, living status, education level, smoking, usage of antioxidant supplement, physical activity and cognitive activity were presented as category variables. Participants were classified according to categories of APOE and/or GST genotypes. General linear model (GLM) was used to compare the means of the detected parameters between the groups. Some potential confounding factors including gender (male, female), age (year), BMI, smoking (yes or no), and physical activity were adjusted during the data analysis of plasma Glu, TG, TC, LDL-C and HDL-C. For erythrocytes antioxidant biomarkers, plasma folate, retinol and α-tocopherol data analysis, factors including gender, age, BMI, smoking, and antioxidant supplementation were adjusted. For comparing cognition (MoCA score), factors including gender, age, BMI, physical activity, education level, living condition, cognitive activity and antioxidant supplementation (yes or no) were adjusted. p < 0.05 was considered to be statistically significant.
Results

Demographics of the Participants
Initially, a total of 504 older adults participated in the present study. Twenty-seven individuals were excluded due to uncompleted questionnaires, unsuccessful biological specimen sampling or unsuccessful genotyping. After eliminating missing data, 477 subjects were included in the statistical analyses. The demographic characteristics of the participants were presented in Table 1 . As shown in Table 1 , the mean age of the participants was 63.23˘5.35; 35.22% of the subjects were male; the mean BMI of the subjects was 25.221˘3.406; majority (89.4%) of them had an education level above junior high school. The subjects who live alone accounted for 5.03% of all participants. In total, 17.61% of the subjects had the habit of smoking. Among the 477 subjects, only three subjects were of the APOE rs429358 C/C genotype (accounting for 0.63% of all subjects); only three subjects were of the APOE rs7412 T/T genotype (accounting for 0.42% of all subjects). Therefore, during the data analysis, the carriers of one or two copies of the C allele were pooled for APOE rs429358; and the carriers of one or two copies of the T allele were pooled for APOE rs7412. Among the 477 subjects, 207 (43.40% of all subjects) were of the GSTM1+ genotype, and 241 (50.52% of all the subjects) were of the GSTT1+ genotype. 
APOE SNPs
241 (50.524)
Abbreviations: BMI, body mass index; APOE, apolipoprotein E; GST, glutathione S-transferase; SNPs: Single nucleotide polymorphisms; S.E., standard error of the mean.
Plasma, Erythrocyte Parameters and Cognition according to APOE rs429358
As shown in Table 2 , APOE rs429358 polymorphism has no effect on plasma lipid profile. Subjects with APOE rs429358 T/T genotype seem to have lower plasma MDA and T-AOC levels than the subjects with APOE rs429358 T/C + C/C genotype. Comparing with APOE rs429358 T/C + C/C genotype carriers, subjects with APOE rs429358 T/T genotype have lower plasma α-tocopherol level (p < 0.05). APOE rs429358 polymorphism has no effect on plasma folate and retinol levels. The erythrocyte antioxidant enzyme activities and cognition (MoCA score) of the detected subjects were not influenced by APOE rs429358 polymorphism. 
Plasma, Erythrocyte Parameters and Cognition According to APOE rs7412
In contrast to individuals with APOE rs7412 C/C genotype, subjects with APOE rs7412 T/C + T/T genotype have a lower plasma LDL-C level (p < 0.01) and higher T-AOC (p < 0.05). Plasma folate, α-tocopherol, retinol levels, erythrocytes antioxidant enzyme activities and cognition were not associated with APOE rs7412 polymorphism (Table 3) . Table 3 . Plasma, erythrocytes parameters and cognition according to APOE rs7412. 
Biomarkers and Cognition rs7412 p Value T/C + T/T (n = 64) C/C (n = 368)
Plasma, Erythrocytes Parameters and Cognition according to APOE rs429358 and GSTM1/T1 Polymorphism
The combined effects of APOE rs429358 and GSTM1 polymorphism on plasma, erythrocytes parameters and cognition were presented in Table 4 . No relationship between APOE rs429358 and GSTM1 polymorphism and detected parameters and cognition was detected in old Chinese adults (p > 0.05).
As shown in Table 5 , combined effects of APOE rs429358 and GSTT1 polymorphism on plasma TG level, erythrocytes CAT and GST enzyme activities (p < 0.05) were detected. Comparing with the subjects with other genotypes, the subjects with APOE rs429358 T/T and GSTT1+ genotype have the lowest plasma TG levels, and the subjects with APOE rs429358 T/C + C/C and GSTT1´genotype have the highest plasma TG levels. The subjects with APOE rs429358 T/C + C/C and GSTT1+ genotype have the lowest erythrocyte CAT enzyme activity. Furthermore, the subjects with APOE rs429358 T/C + C/C and GSTT1´genotype have the lowest erythrocyte GST activity comparing with subjects with other genotypes. APOE rs429358 and GSTT1 polymorphism have no effect on cognition and plasma retinol, folate and α-tocopherol levels in the old adults (p > 0.05).
Plasma, Erythrocytes Parameters and Cognition according to APOE rs7412 and GSTM1/T1 Polymorphism
No association of APOE rs7412 and GSTM1 polymorphism with plasma lipid profile, MDA, T-AOC, retinol, folate and α-tocopherol levels was found in the current study (p > 0.05) ( Table 6) . Carriers of APOE rs7412 T/C + T/T and GSTM1+ genotype have the lowest erythrocyte CAT enzyme activity and the highest erythrocyte GSH-Px enzyme activity (p < 0.05) as comparing with subjects with other genotypes (p < 0.01). No difference was detected on the cognition (MoCA score) among the subjects (p > 0.05) ( Table 6 ). As shown in Table 7 , APOE rs7412 and GSTT1 polymorphism have no effect on the detected parameters and cognition (MoCA score) in old Chinese adults (p > 0.05). General linear model used. Data are presented as the mean (95% CI). For plasma Glu, TG, TC, LDL-C, and HDL-C data analysis, factors including gender, age, BMI, smoking, physical activity were adjusted. For erythrocytes antioxidant biomarkers and plasma folate, retinol, and α-tocopherol data analysis, factors including gender, age, BMI, smoking, and antioxidant supplementation were adjusted. For cognition (MoCA score) analysis, factors including gender, age, BMI, physical activity, education level, living condition, reading time per day, and antioxidant supplementation were adjusted. p value < 0.05 was considered as significant. 
Discussion
To the best of our knowledge, this is the first population-based cross-sectional study evaluating the influence of APOE and GST polymorphism on antioxidant parameters and cognition in old Chinese adults. Our results revealed that APOE and GSTM1/T1 polymorphism was associated with lipid profile, α-tocopherol level and antioxidant parameters in plasma or erythrocyte. Besides, no association was found between APOE rs429358, rs7412 and GSTM1/T1 polymorphism and cognition in old Chinese adults.
The association of APOE genotype with plasma lipid profile was implied in the published documents [29] [30] [31] . Liu reported the significant relationship between APOE genotype and plasma TC and LDL-C levels in healthy women [32] . Tejedor and coworkers also observed a significant association between the APOE rs7412 as well as the rs429358 polymorphism with circulating plasma TC and TG levels [33] . In the present study, we did not observe the relationship between APOE genotypes and plasma Glu, TG and TC levels. These results are consistent with the findings of Tao's study carried out in older Chinese. The author did not detect the association between APOE genotype and serum levels of Glu or TG [34] . Meanwhile, after including GSTT1 genotype into the data analysis, we found that the subjects with APOE rs429358 C/C and GSTT1´genotype have the highest plasma TG levels, and the statistical significance of genotype interaction was detected (Table 5 ). These results indicated that the deletion of GSTT1 gene will increase the plasma TG levels in the subjects with APOE rs429358 C/C genotype.
We did not observe the effect of APOE rs429358 or rs7412 polymorphism on cognition (MoCA score) in the old Chinese subjects. This result was in line with Shahar and coworker's study [35] . In their study, the authors found that APOE genotype was not associated with mild cognitive impairment (MCI). Quintino-Santos and Blasi et al. also reported that APOE variation was not correlated with the overall cognitive performance as evaluated by the Mini-Mental State Examination (MMSE) test [36, 37] . In addition, we did not observe the overlap of APOE and GSTM1/T1 polymorphism on the cognition among the detected older adults. Our results were consistent with Bernardini's case-control study, in which the authors did not observe the association between the GSTM1 and GSTT1 deleted genotypes and late-onset AD (LOAD) [38] . Moreover, Spalletta reported that GSTT1 null phenotype predicted the faster onset of the AD, and the author concluded that the faster decline of cognition was independent from APOE genotype [39] . GST and APOE gene products are implicated in oxidative stress and apoptosis processes leading to beta-amyloid-mediated neurodegeneration. Therefore, further research is needed to determine the influence of APOE and GSTM1/T1 polymorphism on cognitive impairment among a larger random sample of Chinese elderly.
Vitamin E (VE) is a physiological scavenger of reactive oxygen species (ROS) produced during lipid peroxidation. VE is also capable to act as a neuroprotective and anti-inflammatory agent [40] . Shahar and coworkers reported that Vitamin E deficiency was more prevalent among APOE ε4 carriers than non-carriers among the non-MCI subjects, which indicated the role of APOE genotype in influencing serum Vitamin E concentration among elderly people with normal cognitive function. In the current study, we found that plasma VE (α-tocopherol) level was APOE rs429358 polymorphism related ( Table 2 ). After including GSTM1 genotype into the dada analysis, we found that both APOE rs429358 and GSTM1 polymorphism affected the plasma VE level (P APOE rs429358 genotype = 0.018; P GSTM1genotype = 0.039). Subjects with APOE rs429358 C/C and GSTM1+ genotype seem to have the highest plasma α-tocopherol level (Table 4) when comparing with subjects with other genotypes. However, we did not detect the interaction between APOE rs429358 and GSTM1 polymorphism on plasma α-tocopherol level (P genotype interaction = 0.144).
The combined effects of APOE rs429358 and GSTT1 polymorphism on the plasma TG level, erythrocyte CAT and GST enzyme activities were detected (Table 5) . We also observed the genotype interaction of APOE rs429358 and GSTT1 on erythrocyte CAT and GST enzyme activity (Table 5) . These results indicated that the GSTT1 genotype could modify the influence of APOE rs429358 T/C + C/C genotype on erythrocytes antioxidant enzyme activities. The plasma LDL-C level was mainly APOE rs7412 polymorphism related, and the subjects with rs7412 T/C + T/T genotype have a lower plasma LDL-C level than the subjects with C/C genotypes (Table 3) . Abdollahi et al. [41] demonstrated in 3271 individuals (British women, 60 years and older) that the serum level of TC, HDL-C, LDL-C and TG were all associated with APOE genotype. Serum TC and LDL-C levels were lower in individuals with the APOE rs7412 T/C + T/T genotype and higher in those with the APOE rs429358 C/T + C/C genotype. Additionally, we also observed the influence of APOE rs7412 polymorphism on plasma T-AOC level. These results were in agreement with the data of Talmud and coworkers' study [42] . After including GSTT1 genotype into the data analysis, we found that the deletion of GSTT1 gene further decreased the plasma LDL-C level in the subjects with APOE rs7412 T/C + T/T genotype, while, the subjects with APOE rs7412 C/C and GSTT1´genotype have the highest plasma LDL-C levels. In addition, we observed the significant genotype interaction of GSTM1 and APOE rs7412 on erythrocyte CAT (P genotype interaction = 0.002) and GSH-Px activity (P genotype interaction = 0.028) ( Table 6 ). Our results indicated that GSTM1 polymorphism could strongly modify the influence of APOE rs7412 polymorphism on erythrocyte CAT and GSH-Px enzyme activities, especially on the enzyme activity of the subjects with APOE rs7412 T/C + T/T genotype.
There are some limitations in the present study. First, this is a cross-sectional study, which limits the interpretation of cause and effect. Thus, further longitudinal studies are needed to provide scientific evidence of the role of APOE rs429358, rs7412 and GST polymorphism in associating with antioxidant parameters and cognition in the elderly. Second, the study was carried out in old Chinese adults. The phenotype frequencies of APOE or GST gene in different populations show different patterns. Besides, the relationship between APOE rs429358, rs7412 and GST polymorphism with blood parameter profiles might vary depending on ethnicity and the prevailing regional environmental factors (such as lifestyle and diet pattern) [43] [44] [45] [46] [47] . Therefore, the extrapolation from the present study to others should be considered with caution. Finally, multiple tests were applied in the measuring of biomarkers and the analyzing of data in the present study. As a result, some unpredictable and uncontrollable factors might lead to the significant findings. Thus, further studies are needed to replicate and clarify the results.
Conclusions
In conclusion, plasma and erythrocytes' antioxidant parameters levels were associated with APOE rs429358, rs7412 polymorphism. The influences of APOE rs429358 polymorphism on plasma and erythrocytes' antioxidant parameters could be modified by GSTT1 genotype; the influences of APOE rs7412 could be modified by GSTM1 genotype.
